1. The regional distribution of ventilation was studied with a 133Xe wash-out technique both after rebreathing and after intravenous injection of the isotope in six patients with chronic obstructive lung disease. Measurements were performed in the sitting position during spontaneous and augmented abdominal breathing respectively. The contribution to ventilation of the rib-cage and abdomen was measured with magnetometer recordings of the respiratory variation in the antero-posterior diameters.
Introduction
In chest physiotherapy instructions are given to patients in different breathing patterns, such as pursed-lips breathing, basal costal breathing and diaphragmatic (augmented abdominal) breathing. At least the two last-named modifications in breathing imply changes in the shape of the chest wall, so that it is deformed from its passive configuration. The hypothetical relationship between such shape Correspondence: Dr Gunnar Grimby, Department of R~?abilitation Medicine I, Sahlgren's Hospital, Sweden. changes and the distribution of ventilation has considerable theoretical and practical implications. As . ventilation distribution among lung regions is related to regional driving pressures, the recent studies by Agostoni (1972) demonstrating effects of abdominal content and chest-wall shape on the pleural pressure gradient in animals are relevant to the effects of induced departures from the spontaneous breathing pattern in human subjects.
In previous work (Bake, Grimby & Fugl-Meyer, 1972) we have studied the regional ventilation distribution with 133Xe techniques in patients with complete transection of the cervical spinal cord and an increased abdominal contribution of ventilation, and compared the results with those obtained from normal subjects who voluntarily augmented the diaphragm-abdominal motion during quiet breathing. The tetraplegic patients demonstrated evidence of relative hypoventilation of basal lung regions but in normal subjects we found no effects of altered breathing pattern. Therefore we concluded that the basal hypoventilation in the tetraplegic patients was not due to the augmented diaphragmatic breathing, but possibly to 'small airway' dysfunction.
It appeared possible to use' the technique for analysing the separate volume changes of the ribcage and the abdomen originally developed by Konno & Mead (1967) in patients with moderately severe obstructive lung disease (Grimby, Elgefors & Oxhoj, 1973) . With this background it was feasible to compare the regional ventilation evaluated from 1 33Xe wash-out curves obtained during spontaneous breathing and during augmented abdominal breathing in a group of patients with chronic obstructive lung disease, and to determine the effect of physiotherapeutic training in abdominal breathing.
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Materials andmethods
One female and three male patients (S.A., G.L., Y.R. and S.A., female) with asthma and two male patients (A.H. and O.H.) with chronic bronchitis were studied. Their age, height, body weight and spirometric data are given in Table 1 . The patients with asthma were in remission about 1 week after an acute attack of bronchospasm for which they were admitted to hospital. None of the patients had symptoms of acute airway infection. All patients were considered by their physiotherapists to perform breathing manoeuvres excellently. Data from two additional patients were excluded from the results, as they did not adequately change their breathing pattern during the wash-out measurements. The functional residual capacity (FRC) was determined in the sitting position with the helium dilution technique, and the subdivisions of the total lung capacity (TLC) were measured. The vital capacity and forced expiratory volume in 1 s were measured with a modified Bernstein spirometer. Normal values were predicted from the formulae given by Berglund, Birath, Bjure, Grimby, Kjellmer, Sandqvist & Soderholm (1965) and Grimby & Soderholm (1963) .
Regional distribution of ventilation was measured with the patients in the sitting position by means of dorsally positioned scintillation detectors with four horizontal slit collimators covering each lung. Washout curves were recorded after an intravenous bolus injection of 1 3 3 Xe in saline and after rebreathing 13 3 Xe-air mixture for about 1 min. Both types of wash-out curves were obtained during normal breathing and during augmented abdominal (diaphragmatic) breathing. Magnetometer recordings were obtained for some minutes before each measurement to ensure that the breathing pattern was adequate and stable. During the wash-out measurements, the airflow at the mouth was measured by a pneumotachygraph. Volumes were obtained by integration of the flow signal.
The contribution of the rib-cage and abdomen respectively to the tidal volume was determined from measurements of antero-posterior diameter variations with magnetometers as described by Mead, Peterson, Grimby & Mead (1967) . Two pairs of magnetometers were placed in the mid-line at the levels of the nipples and the umbilicus respectively. The relationship between linear motion and volume change was defined by a series of isovolume manoeuvres (Konno & Mead, 1967) .
Regional half-times (t o . s ) were determined from the Xe wash-out curves after subtraction of background radioactivity count rates and assuming mono-exponential clearance rates during the initial 2 min wash-out. In order to allow for changes in overall ventilation between different experimental conditions, regional ventilation indices [D'(VjV)] were calculated (Bake et al., 1972) .
where It is number of regions (eight in this study). Thus Dr(V/V) is the regional percentage of the mean regional ventilation per unit volume and would have been 100% in all regions if the lung was uniformly expanded and ventilated.
Results
Three of the patients had an elevated functional residual capacity (FRC), four had a reduced vital capacity (VC) and all except one had a reduced forced expiratory volume in I s (FEV 1), as shown in Table 1 .
The total ventilation during the wash-out measurements was in most patients fairly high but did not vary consistently between the two patterns of breathing ( Table 2 ). The respiratory frequency fell in six of twelve experiments and was unchanged in three at augmented abdominal breathing. The maximal inspiratory and expiratory flow rates measured in three patients were similar during the two patterns of breathing. The FRC as evaluated from recordings of inspiratory capacity and assuming TLC constant did not change markedly between the two types of breathing, except in one of the patients (Y.R.), where FRC varied between 5·2 and 6·2 Iitres. The relative contribution of the abdomen to the ventilation ranged during spontaneous breathing from 20 to 65 (mean 40) % and during augmented abdominal breathing from 42 to 78 (mean 67) %.
One patient (S.A., female) could not produce proper isovolume manoeuvres, which is essential for calculating the motion-volume relationship for the ribcage and the abdomen. However, the quotient for the linear motions of the abdomen and the rib-cage was 1·0 during spontaneous breathing and 5·0 during abdominal breathing in the rebreathing experiment and 4·5 in the injection experiment, thus demonstrating a definite change in the breathing patterns. In all patients the increase of the volume displacement of the abdomen during augmented abdominal breathing was dominantly or exclusively in the expiratory direction. Thus the dome of the diaphragm can be assumed to be in a more cephalad The quotients between Dr(V/V) for the two breathing patterns at different distance down the lung are summarized in Fig. 4 . No significant deviations from quotient 1'0 can be demonstrated (paired r-test, P > 0'05). The variation of the measured values between the two breathing patterns was largest at the top of the lung, probably because of the lower radioactivity count rates in this region. 
Discussion
When using the expression diaphragmatic breathing in relation to breathing patterns and chest physiotherapy the motion of the diaphragmatic dome is usually implied, and hence an augmented abdominal motion. However, an increased diaphragmatic muscle activity may be reflected as augmented abdominal movements (due to motion of the diaphragmatic dome) and/or as increased rib-cage motion (due to the effect of the diaphragm tension on the ribs). In this study we used the method of Konno & Mead (1967) to describe the separate volume changes of the rib-cage and the abdomen by recordings of variations in their antero-posterior diameters. This approach does not take into account the origin of the muscle activity involved, although subsequent studies, e.g. by Goldman & Mead (1973) , have made such interpretations possible. However, it allows the shape changes of the chest wall to be related to the distribution of ventilation. In accordance with the findings in normal subjects (Bake et al., 1972) , we found no relationship in patients with obstructive lung disease between the relative contribution of the abdomen to ventilation and the distribution of ventilation.
Patients with obstructive lung disease tend spontaneously to have a slightly larger contribution of the abdomen to ventilation than normal subjects, at rest as well as during leg exercise (Grimby, Bunn & Mead, 1968; Grimby et al., 1973) . The other part of the chest wall, namely the rib-cage, will consequently contribute less to ventilation. As a result of instruction, the abdominal contribution can increase, as in the present study, from 40 to 67% and in the study of normal subjects by Bake et al. (1972) from 31 to 45%. Thus the changes in shape achieved during breathing conditions in well-instructed patients as well as in normal subjects are rather moderate in relation to the maximal possible voluntary variations (Konno & Mead, 1967) .
The link between changes in shape of the chest wall and the regional distribution of ventilation ought to be the distribution of regional pleural pressure and its swings (til') . In normal subjects during tidal breathing til' values are assumed to be synchronous and of equal magnitude down the lung. The fact that distribution of ventilation down the lung is non-uniform in upright normal subjects (MilicEmili, Henderson; Dolovich, Trop & Kaneko, 1966) is thought to be due to stiffer upper regions and comparatively more compliant dependent regions resulting in a given I:1P expanding dependent regions more than upper ones. The increasing compliance down the lung is due to the inverse relationship between lung expansion and compliance. At FRC upper regions are more expanded and therefore less compliant than lower regions. Thus regional lung expansion at FRC as well as regional I:1P values associated with breathing can have effects on distribution of ventilation/volume ratios. In the present study FRC was spontaneously kept constant between the two breathing patterns, except in one patient.
A dependence between shape changes of the chest wall (rib-cage and diaphragm-abdomen) and the distribution of I:1P has been demonstrated by Agostoni (1972) and D'Angelo, Sant'Ambrogio & Agostini (1974) in recent animal studies. The effecton the regional ventilation of an increase in til' at the base of the lung due to increased motion of that part of the chest wall would be to increase basal ventilation. However, there are many reasons why experimental findings in animals cannot directly be compared with variations of distribution of ventilation in the conscious human subject. The magnitude of the induced change in shape produced experimentally in animals is greater than those achieved voluntarily during breathing in human subjects. In accordance with the discussion above, effects of changes in shape on the initial distending pressure of the alveoli and on I!J' values during breathing may have opposite or added effects on the distribution of ventilation. In the present study we observed that, at a constant FRC, the chest-wall shape during abdominal breathing was altered in the direction of a more cephalad position of the diaphragm and increased rib-cage diameter. However, the relevance of this observation on the regional FRC is not clear.
Even if overall lung volume, frequency of breathing and airflow can be kept constant, the relation between changes of the shape of the chest wall and the distribution of ventilation is rather complex. We have not yet been able to demonstrate any substantial effect on the distribution of ventilation by varying the breathing pattern. Our conclusion is therefore that, in chest physiotherapy, instructions in abdominal breathing should not be given with the principal aim of altering the regional distribution of ventilation. The more basic question, whether there exists any relationship between the shape of the human chest wall and the distribution of regional lung volumes and ventilation, needs further measurements probably during more extreme changes of the shape.
During the preparation of this paper Sackner, Silva, Banks, Watson & Snoak (1974) published a paper where it was demonstrated that, in eleven patients with chronic obstructive lung disease, diaphragmatic breathing did not alter the nitrogen wash-out curve. The changes in breathing patterns were recorded as changes in circumference of thorax and abdomen. Nor could any difference between a thorax-initiated and a diaphragminitiated inspiration be noted, in five patients where the regional distribution of a bolus of 133Xe given at residual volume was recorded with a gamma camera. Thus these authors drew conclusions similar to those from the present work, where regional ventilation was measured and objective measurements were used for the relative contribution of the abdomen to ventilation.
